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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
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n (IEC) on all matters of electrotechnical standardization.

IS0, also take part In the work. 15O collaborates closely with the International Electrg

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’3.
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ee SC 4, Methods of calculation of plain bearings.
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Introduction

The functioning of hydrostatic bearings is characterized by the fact that the supporting pressure of the bearing is
generated by external lubrication. The special advantages of hydrostatic bearings are lack of wear, quiet running,
wide useable speed range as well as high stiffness and damping capacity. These properties also demonstrate the
special importance of plain journal bearings in different fields of application such as e.g. machine tools.

Basic cJIcuIations described in this part of ISO 12167 may be applied to bearings with different*humbers of
recesses and different width/diameter ratios for identical recess geometry.

Oil is fed to each bearing recess by means of a common pump with constant pumping pressyre (system
Pen = corfstant) and through preceding linear restrictors, e.g. capillaries.

The calctilation procedures listed in this part of ISO 12167 enable the user to calculate and assess a given bearing
design ds well as to design a bearing as a function of some optional parameters. Furthermore, this part of
ISO 12167 contains the design of the required lubrication system including the ¢alculation of the restrictpr data.

© 1SO 2001 — All rights reserved \%
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3 Bases of calculation and boundary conditions

Calculati

H to bearings without oil drainage grooves, this type needs“higher power with the san

ving normative documents contain provisions: which, through reference in this text, constitute g
pf ISO 12167. For dated references, subsequent amendments to, or revisions of, any of these

pe
of ISO 12167 applies to hydrostatic plain journal bearings under steady<State conditions.
rt of ISO 12167 only bearings with oil drainage grooves between, the recesses are taken into

r.

pply. However, parties to agreements based on this part of ISO 12167 are encouraged to inv

of applying the most recent editions of the normative documents indicated below. H
s, the latest edition of the normative- document referred to applies. Members of ISO and I
of currently valid International Standards.

:1992, Industrial liquid lubricants — ISO viscosity classification

7-2:2001, Plain bearihgs'— Hydrostatic plain journal bearings with drainage grooves under ¢
s — Part 2: Charactetistic values for the calculation of oil-lubricated plain journal bearings w

bn-in, ‘accordance with this part of ISO 12167 is the mathematical determination of the

account. As
ne stiffness

rovisions of
bublications
estigate the
or undated
tC maintain

bfeady-state
th drainage

operational

parametg

rs—of hydrostatic _plain_journal bearings as a function of operating conditions, bearing ge

pmetry and

lubrication data. This means the determination of eccentricities, load-carrying capacity, stiffness, required feed
pressure, oil flow rate, frictional and pumping power, and temperature rise. Besides the hydrostatic pressure
build-up the influence of hydrodynamic effects is also approximated.

Reynolds' differential equation furnishes the theoretical basis for the calculation of hydrostatic bearings. In most
practical cases of application it is, however, possible to arrive at sufficiently exact results by approximation.

The approximation used in this part of ISO 12167 is based on two basic equations intended to describe the flow via
the bearing lands, which can be derived from Reynolds' differential equation when special boundary conditions are
observed. The Hagen-Poiseuille law describes the pressure flow in a parallel clearance gap and the Couette
equation the drag flow in the bearing clearance gap caused by shaft rotation. A detailed presentation of the
theoretical background of the calculation procedure is included in annex A.
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The following important premises are applicable to the calculation procedures described in this part of ISO 12167:

a) all lubri
b)
c)

d)

cant flows in the lubrication clearance gap are laminar;

the lubricant adheres completely to the sliding surfaces;

the lubricant is an incompressible Newtonian fluid;

isoviscous;

in the whole lubrication clearance gap as well as in the preceding restrictors the lubricant is partially

e) alubrig

f)

g)

fluctua
half be

h) the rad

film thi
i) thecle
j)
k)

the pre
there ig

With the aid
of bearings
for load-car,

The results
common in
is limited to

Limitation t
carrying ca
restricted a
assumption

As for the 0
diameter B
clearance g
in relation f{
However, th

To take intg

ation clearance gap completely filled with lubricant is the basis of frictional behaviour;
ions of pressure in the lubricant film normal to the sliding surfaces do not take place;
aring and journal have completely rigid surfaces;

i of curvature of the surfaces in relative motion to each other are large in comparison to the
tkness;

brance gap height in the axial direction is constant (axial parallel clearance gap);
Ssure over the recess area is constant;
no motion normal to the sliding surfaces.

of the above-mentioned approximation equations, all’parameters required for the design or ¢
can be determined. The application of the similarity.principle results in dimensionless similar
rying capacity, stiffness, oil flow rate, friction, recess pressures, etc.

indicated in this part of ISO 12167 in the form' of tables and diagrams are restricted to operatin
practice for hydrostatic bearings. Thus the-tange of the bearing eccentricity (displacement un
¢=01t00,5.

b this eccentricity range means a ‘considerable simplification of the calculation procedure as
bacity is a nearly linear functionof the eccentricity. However, the applicability of this procedure]
5 in practice eccentricities (€3'0,5 are mostly undesirable for reasons of operational safety.
for the calculations is thé.approximated optimum restrictor ratio ['1 & = 1 for the stiffness behav

utside dimensions ofthe bearing, this part of ISO 12167 is restricted to the range bearing widt
D = 0,3 to 1 whiehyis common in practical cases of application. The recess depth is larger
ap height by the factor 10 to 100. When calculating the friction losses, the friction loss over th
o the friction*over the bearing lands can generally be neglected on account of the above j
is does notyapply when the bearing shall be optimized with regard to its total power losses.

load in the 1iirection of recess centre and load in the direction of land centre.

lubricant

hlculation
ty values

g ranges
der load)

the load-
is hardly
A further
our.

h/bearing
than the
e recess
remises.

aceount the load direction of a bearing, it is necessary to distinguish between the two extrenpe cases,

Apart from the afore-mentioned boundary conditions, some other requirements are to be mentioned for the design
of hydrostatic bearings in order to ensure their functioning under all operating conditions. In general, a bearing shall
be designed in such a manner that a clearance gap height of at least 50 % to 60 % of the initial clearance gap
height is assured when the maximum possible load is applied. With this in mind, particular attention shall be paid to
misalignments of the shaft in the bearing due to shaft deflection which may result in contact between shaft and
bearing edge and thus in damage of the bearing. In addition, the parallel clearance gap required for the calculation
is no longer present in such a case.

In the case where the shaft is in contact with the bearing lands when the hydrostatic pressure is switched off, it
might be necessary to check the contact zones with regard to rising surface pressures.

© 1SO 2001 — All rights reserved
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It shall be assured that the heat originating in the bearing does not lead to a non-permissible rise in the
temperature of the oil.

If necessary, a means of cooling the oil shall be provided. Furthermore, the oil shall be filtered in order to avoid
choking of the capillaries and damage to the sliding surfaces.

Low pressure in the relieved recess shall also be avoided, as this leads to air being drawn in from the environment
and this would lead to a decrease in stiffness (see 5.7).

4 Symbols, terms and units
See Table 1.
Table 1 — Symbols, terms and units
Symbol Term Unit
a Inertia factor 1
Alan Land area m?
Alan Relative land area | Ajap = _ Alan__ 1
TXBXD
4, Recess area m?2
b Width perpendicular to the direction of flow
bax Width of axial outlet {bax =IxD _ (/¢ +bG):| m
be Width of circumferential outlet (bC =B ~ax ) m
bg Width of drainage groove m
B Bearing width m
c Stiffness coefficient N/m
[ Specific heat capacity-of the lubricant (p = constant) Jkg'K
Cr Radial clearance [CR =(Dg —DJ)/ZJ m
dep Diameter-of capillaries m
D Bearing diameter (D: shaft, Dg: bearing; D ~Dj = Dg) m
e Eccentricity (shaft displacement)
F Coad-carrying capacity (load) N
’ Characteristic value of load-carrying capacity [F" = F/(B x D X Pen)] 1
F;ﬁ Characteristic value of effective load-carrying capacity 1
Fe*ff! 0 Characteristic value of effective load-carrying capacity for N = 0 1
h Local lubricant film thickness (clearance gap height)
heqin Minimum lubricant film thickness (minimum clearance gap height)
hp Depth of recess m

© 1SO 2001 — All rights reserved 3
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Table 1 (continued)

Symbol Term Unit
Koot Speed-dependent parameter 1
/ Length in the direction of flow m
Lax Axial land length m
I Circumferential land length m
lep Length of capillaries m
N Rotational frequency (speed) s
Recess pressure, general Pal
P Specific bearing load [ p = F/(B x D)] P4
Den Feed pressure (pump pressure) Pa
p; Pressure in recess i Pa
Pio Pressure in recess i, when ¢ =0 Pa
P Power ratio (P* = P¢/Pp) 1
Py Frictional power W
Py Pumping power w
Pyt Total power (P = P, + Py) w
Pt;t Characteristic value of total power 1
(0] Lubricant flow rate (for complete bearing) m3/k
0 Lubricant flow rate parameter 1
R Flow resistance of capillaries Pa-s/m?3
Rlan’ ax Flow resistance of one axial land [R lan, ax =MJ Pa-s/m3
bax * Cr
Rian, ¢ Flow resistance/of,one circumferential land [R,an,C = M] Pa-s/m3
be xCR
Rp o Flow résistance of one recess, when ¢ =0, [Rp 0= M] Pa-s/m3
: 7 2x(1+k)
Re Reynolds number 1
So Sommerfeld number 1
T Temperature °C
AT Temperature difference K
u Flow velocity m/s
U Circumferential speed m/s
w Average velocity in restrictor m/s
z Number of recesses 1

© 1SO 2001 — All rights reserved
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Symbol Term Unit
a Position of 1st recess related to recess centre rad
B Attitude angle of shaft °
¥ Exponent in viscosity formula 1
& Relative eccentricity (&= ¢/Cg) 1
n Dynamic viscosity Pa-s

R
K Resistance ratio | & = —2nax _ lax Xbe 1
Rlan, c lc ><bax
. . RCp
£ Restrictor ratio | £ = —— 1
Rp o
7 Relative frictional pressure [ﬂ'f = sz] 1
PenX¥
P Density kg/m3
T Shearing stress N/m2
o Angular coordinate rad
% Relative bearing clearence [z// = ZX%] 1
0] Angular velocity (v = 2 x T x N) 51

5 Method of calculation

5.1 General

This parf of ISO 12167 covers,the calculation as well as the design of hydrostatic plain journal bear|ngs. In this
case, calculation is understoed to be the verification of the operational parameters of a hydrostatic hearing with
known g¢ometrical and {ubfication data. In the case of a design calculation, with the given methods of galculation it
is possible to determine the missing data for the required bearing geometry, the lubrication dgta and the
operational parameters on the basis of a few initial data (e.g. required load-carrying capacity, stiffnesp, rotational

frequencyy).

In both ¢ases, the calculations are carrled out accordlng to an approxrmatlon method based on the Hagen-

Poiseuillé

ording to this

method are g|ven as relatlve values in the form of tables and dlagrams as a funct|on of d|fferent parameters The
procedure for the calculation or design of bearings is described in 5.2 to 5.7. This includes the determination of
different bearing parameters with the aid of the given calculation formulae or the tables and diagrams. The

following calculation items are explained in detail:

a) determination of load-carrying capacity with and without taking into account shaft rotation;

b) calculation of lubricant flow rate and pumping power;

c) determination of frictional power with and without consideration of losses in the bearing recesses;

d) procedure for bearing optimization with regard to minimum total power loss.

© 1SO 2001 — All rights reserved
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For all calculations, in addition it is necessary to check whether the important premise of laminar flow in the bearing
clearance gap, in the bearing recess and in the capillary is met. This is checked by determining the Reynolds
numbers. Furthermore, the portion of the inertia factor in the pressure differences shall be kept low at the capillary
(see A.3.1).

If the boundary conditions defined in clause 3 are observed, this method of calculation yields results with deviations

which can be neglected for the requirements of practice, in comparison with an exact calculation by solving the
Reynolds differential equation.

5.2 Load-carrying capacity

Unless indicated otherwise, it is assumed in the following that capillaries with a linear characteristic aregl used as
restrictors gnd that the restrictor ratio is £ = 1. Furthermore, difference is only made between the two-casep “load in
direction of|recess centre” and “load in direction of land centre”. For this reason, it is no longer mentioned in each

individual case that the characteristic values are a function of the three parameters “restrictor type?, “restri¢tor ratio”
and “load dfrection relative to the bearing”.

Even undernthe above mentioned premises, the characteristic value of load carrying capacity

* F D
F = = p
BXDXPpen Pen

(1)

still dependp on the following parameters:

— numbef of recesses Z;

— width/diameter ratio B/D;

— relativg axial land width /,,/B;

— relativg land width in circumferential direction {y/D;

— relativg groove width bg/D;

— relativg journal eccentricity &;

— relativd frictional pressure when difference is only made between the two cases “load on recess ceptre” and
“load op land centre”.

/g X W

Tp=— 5 2)
Hen XYV
NOTE The Sommerfeld number, So, common with hydrodynamic plain journal bearings can be set up as follows:
- Z
SO = px—y/ = F_

NX® T

In Figures 1 and 2 of ISO 12167-2:2001, the functions F*(s, ;) and f(s, ) are represented for Z=4, £=1,
BID =1, [54x/B = 0,1, [./D = 0,1, bg/D = 0,05, i.e. restriction by means of capillaries, load in direction of centre of
bearing recess.

These figures show the influence of rotation on the characteristic value of load-carrying capacity and the attitude
angle.

6 © 1SO 2001 — Al rights reserved
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For the calculation of a geometrically similar bearing it is possible to determine the minimum lubricant film thickness
when values are given e.g. for F, B, D, pg,, ®, ¥, and ng (determination of 75 according to 5.6, if applicable):

All parameters are given for the determination of F* according to equation (1) and 7 according to equation (2). For
this geometry, the relevant values for £ and S can be taken from Figures 1 and 2 in ISO 12167-2:2001 and thus
hmin = CR(1 — 8).

According to the approximation method described in annex A, it transpires that the characteristic value of effective
load-carrying capacity is no longer a function of the ratio B/D.

*

N F F
Feff|= = 3)
¢ be X Z X bax X Pen ﬁxszax
D TXB

If the res|stance ratio

o= Rian, ax _ lax Xb¢ @
Rian, ¢ I X bay

and the gpeed dependent parameter

Krof=& XK X ¢ X1/ D ()
= Krot
Krot,nom 1+

is introduced, there remains a dependence on the followihg parameters:

F;ff(Z, P K Kot €)

If, in adTyition, advantage is taken of the'fact that the function Fqg(g) is nearly linear for £< 0,3, then it is

practically sufficent to know the function F;ff(g=0,4)=f(Z, ®g: K, Krot)for the calculation of the Igad carrying

capacity.

For K. T O, i.e. for the stationary shaft, the characteristic value of effective load-carrying capacity for i = 0,4 only
depends|on three parameters:

Feft|0(6=0,4)=£{Z, oG, )

Thus, in Figure;3-of ISO 12167-2:2001, F;ﬁ,o (¢=0,4) for Z=4 and 6 can be given via x for different gs-values.

The influenceof-therotatiomatmovementonthecharacteristic-vatueof iuau'-ballyillg bapabiiy is—takerinto account
by the ratio ﬁ=f(z, g K Krot) -
Feff,0

For Z = 4 the ratio F*eff/F;ff‘O is shown in Figure 4 of ISO 12167-2:2001. The hydrodynamically conditioned
increase of the load-carrying capacity can be easily recognized when presented in such a manner.

If, e.g., Z and all parameters are given for the determination of F;ff according to equation (3), x according to
equation (4) and K.t according to equation (5), then the minimum lubricant film thickness developing during
operation can be determined.

© 1SO 2001 — All rights reserved 7
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After having calculated ¢g, xand Kot nom, the value for F;ﬁ’O (¢ = 0,4) is taken from Figure 3 of ISO 12167-2:—
and the value for Feg/Fefo(e = 0,4) from Figure 4 of ISO 12167-2:—, Fo is calculated according to
equation (3) and then the eccentricity is obtained as follows:

0,4 X Fe*ff

Feft (¢ =0,4)x Fo o(e=0,4)
Feff,O

and the minimum lubricant film thickness is 4. =Cp X (1 — &£).

5.3 Lubricant flow rate and pumping power

The characieristic value for the lubricant flow rate is given by

Q*__QXUB (6)

- L3
¢r X pen

It depends |only slightly on the relative journal eccentricity & the load direction relative to the bearing and the
relative fricjonal pressure 7 or the speed dependent parameter K|

By approximation, the lubricant flow rate can be calculated as follows (see also A.3.3):

Clax ]
7 B B K+
“(6£0,5)~0*(s=0)= X —x S 7
0*( )=07(¢=0) 6(1+¢) D ¢ K v
D
P 6 !
1 :_p_(8=0) with gzﬂ and Rp o= X ’753>< ax
T+¢ pe RP,0 bae % Cr (1+x)

The flow registance of the capillaries accerding to A.3.2.2 is given by

R 128X cp xlep x (1+ a)
®= nxdgp

with the non-linear portionX(inertia factor)

:‘I,OB>< 450 x p
34 Np X lep X Z

a

By converting equation (6), the lubricant flow rate can be calculated when the parameters 7z, Cr, pen, & B/D, and
lo4/B are given.

For optimized bearings Q" shall be taken from Table 1 of 1SO 12167-2:2001. The pumping power, without
considering the pump efficiency, is given by

2 3
«_ PenxC
Py =0xpen =0 n—R (8)
B

According to the approximation method, Q" is again determined according to equation (7), thus it is the
characteristic value of both flow rate and pumping power.

8 © ISO 2001 — Al rights reserved
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5.4 Frictional power

The characteristic value for the frictional power is given by

* P XC
Pi= =X (9)
ng X U X B XD

Friction generates in the lands as well as in the recess area. The land area related to the total surface of the
bearing © x B x D is given by

A|;n=g>< lax yoryzxle g [1ooxtax | gy tax  be
i B D B B D

Accordinf to the approximation method, the characteristic value for the frictional power in the land area |s given by

* T *
Pt |gn = > X Ajan

1-¢
and in the recess area

* C *
Pt p =1t><4><—R><(1—A|an)
’ hp

Thus the|characteristic value for the total amount of friction is given by

Pf*:nxAl;nx! L +4XCR><[ L —1]] (10)

\/1—82 hp Ajan

The actugl frictional power is obtained by conwvérting equation (9):

. Mg XU2XBxD
§f X

Ps
Cr

5.5 Optimization

When ogtimizing according to the power consumption, the total power loss, i.e. the sum of pumping and frictional
power is minimized. According to 5.3 and 5.4, the total power is given by

2 3 2
xC * xU“xXBxD
Pen R"r‘PanB

I Cr

Pt0t=Pp+Pf=Q X

With equations (1) and (2) this can be written as follows:

Pt =F x@wxCgr X Q0 x[1+iJ (11)

4><—><F*><ﬂ'f i
D

p

Following a proposal of Vermeulen [2], the ratio of frictional power to pumping power is introduced as an optional
parameter and designated with P". Thus the characteristic value for the total power loss is given by

© 1SO 2001 — Al rights reserved 9
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o x(1+P*) 2

4 x B X F x s
D

Sgrial calculations have shown that the power minimum which can be obtained in the relatively wide range

P* =1 to 3 depends only slightly on the chosen power ratio P". An approximated optimization with the mean value

P’ =2 may be carried out.

The relative frictional pressure in equation (12) cannot be chosen freely as it is linked to the chosen power ratio P’

P = (13)
When P, BD, &, hp/Cg and ¢ are given, the characteristic value of total power according'to equation ({I2) to be
minimized remains only a function of Z, /,,/B, [./D and bg/D.

In Figures § to 12 of ISO 12167-2, pio for P =2, bg/D =0,05, £=1, ¢£= 0,4 is presented for different B/D|and Z as
a function qf /,,/B, I/D and [./B respectively, taking into account the friction in“the recesses. The land widths /,./B
and [/B[l/ID = (I./B) x (B/D)] where the total power is reduced to a minimum,<result from these figures.

The optimum land widths and the associated values for B/D = 1 to 0,3.as well as the numbers of recesse$ Z = 4 to
10 obtained by this are given in Table 1 of ISO 12167-2:2001.

With decregsing width, Pt;t and thus the total need of power.increases. For high rotational frequencies angd a given
diameter it may, however, be advantageous to use a plain.bearing with smaller bearing width.

In the case|where the shaft is at a standstill or rotatirig-very slowly, the optimization method with P* = 1 to|3 can no
longer be applied, see 2. In this case, the pumping power has to be minimized and thus relatively wide |ands are
obtained. Therefore, the approximation method also fails and the Reynolds differential equation has to be $olved by
means of alfinite method.

For a bearing with Z = 4, B/D = 1 the following land widths are recommended as being optimal:

Iy /B={/B=0,25
For &= 0,4 the following valtes can be used for the calculation:

F'=0,]74 and Q".='1,48
5.6 Temperatures and viscosities
With ¢= 0, heatingmthe capittaries due to dissipation s catcutated—as fottows (heatexchiange betweer lubricant

and environment is not considered here):

ATcp=

Pen 5

pen_p %
cp X P 1+ &

C'p>< P

and heating in the bearing, again with £= 0, as follows:

ATg

10

1
1+¢

Py Pen

p + = X
cpxpr CpXp

CpXp

e
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Thus the mean temperature in the capillaries is given by
1
Tep=Ten +§XATCp (14)
and the mean temperature in the bearing
1
TB:Ten"'ATcp"'EXATB (15)
It is assupmed-fortheeffectiveviscositiesrthe t..api“al fesamnd bcdlillg that
Nep T 1 (Tep) g = 11 (Tg)
If the dependence of the viscosity on temperature is not completely known, the viscosities Mep and| 75 can be
approximated following the statement of Reynolds. A precondition is that two viscosities 7, and 7, afe known at
two temperatures 7y and T;, which should be close to the estimated temperatures 7, ;Jand 7.
Nep T 11%€XPl=y x(Tep — T1)]; ng=nyxexpl-y x(rs — T1)]
16
withly =— " xin 1 (18)
T2 = T1 72
If only or common

lubricati

M40 (dynamic viscosity at 40 °C):

’;I\’e viscosity class in accordance with ISO 3448 is known, then the course of viscosity f

oils having a viscosity index of about 100 can be calculated only on the basis of the nominal viscosity

M40 1 1
)= xexp| 160 xIn X - 17
40 p{ (0,18><10‘3J (T+95 135 (7
Temperature T shall be taken in degrees Celsius (°C). The dynamic viscosity 7, is obtained by myitiplying the
kinemati¢ viscosity 1,4, based on the vigcosity classes, by the density p. If this value is not exactly known, it can be
calculatefd by approximation with p =900 kg/m3.
Equation| (17) is based on the statement of Vogel and empirically determined constants of Cameron and Rost and
was trangposed by Rodermuhd[®! to the nominal viscosity at 40 °C.
5.7 Mihimum pressure in recesses
With high rotationalArequencies and high K, values, according to equation (5) the pressure in the redess p,;, on
the no-lopd side~of the plain bearing may decrease to zero, whereas the recess pressure p,,,,, on the load side may
become preater than pg,. The minimum recess pressure as well as F* depends on several variables. For the ratio
applies
p .
~—mn (Z1§0G1 K, K rot)
en
In Figure 13 of ISO 12167-2:2001, the minimum relative recess pressure over K, om is shown for Z=4, £=0,4,
Kk =110 2 and two ¢g-values.
© 1SO 2001 — All rights reserved 11


https://standardsiso.com/api/?name=eea6679f65eca4cadf54c8c883aa2623

ISO 12167-1:2001(E)

Annex A
(normative)

Description of the approximation method for the calculation of
hydrostatic plain journal bearings

A.1 Introduction

The calculgtion is based on an approximation method leading to rather exact results especiallyvin suph cases
where sma]l lands are provided (e.g. shaft rotating at high speed). In the case of widerlands the Reynolds
differential ¢quation shall be solved, e.g. by means of differential equations.

A.2 Fundamentals

A.2.1 Geheral

The approx]mation method assumes laminar flow, free of inertia, and usestwo basic equations for the flows via the
lands (see Figures A.1 and A.2).

/—ﬂj

Key
1 Bearing
2  Shaft

Figure A.1 — Pressure flow between parallel plates
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Key
1 Bear|ng
2 Shaff

A.2.2 Hagen-Poiseuille equation

Pressurefflow between parallel plates: (b >> &)

Do — p1)><b><h3
12 xnxl

0=

A.2.3 Couette equation
Drag flow due to shaft rotation:

Uxh
2

O=px

A.2.4 FKurther assumptions
a) The pressure is constant oyer the recess area.
b) The viscosity in the bearing and in the restrictors is constant.

c) Shaff and bearing‘are rigid, their axes always parallel.

Figure A.2 — Drag flow due to shaft rotation

d) That|for the<calCulation of the lubricant flow rates that the outlet width extends up to the centre of the adjacent

landp and‘that the pressure drop over the outlet length is linear.

£ o 1 Lot £ 4l <l ££ % ‘ot Lo H i <l 4 o
e) That U uicovaiouiativurn Ul uic Tudu TTITULO UIdl UTC PICooutroc 1T U116 TOCLUOOU O opJITalo Uy U 1o \.'.,ntre Of the

adjacent lands.

A.3 Calculations

A.3.1 General

At first, the pressures in the recesses are calculated with the aid of the continuity equation for a certain shaft

position, defined by

© 1SO 2001 — All rights reserved
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Q
1

eccentricity

&
|

= B/CR
p = attitude angle
All other parameters are derived from the pressures in the recesses.

The calculation is iterative as the attitude angle g is not known in the beginning. This angle is to be varied until the
result of the pressures in the recesses and the load have the same direction (see Figure A.3).

on

Figure A.3 — Bearing geometry

In principle] a vertical lead is assumed for the calculation. However, this is no restriction as we can assume the
bearing is t¢ be mounited appropriately for other directions of load.

The recess|i (i< 1, 2, ... Z) starts at the angle ¢, ; and ends at the angle ¢, ;.

The centre of the first recess is situated at «. The initial angle and the end angle are

The film thickness 4 changes in the land area according to # = Cx(1 + & x cos ¢)
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A.3.2 Pressures in the recesses

A.3.21 The continuity principle is used for each recess. The separate recesses are decoupled by axial
grooves so that the determination of pressure in the recesses does not depend on the pressure of the adjacent
recesses. The grooves themselves are pressureless.

A.3.2.2 The lubricant flow rate via preresistance (¢ = 0) is given by
0 _(pen — )
VA Rep

k =1 corfesponds to a linear resistance law.

E.g. of alcapillary with laminar flow:

_WXdgpxp

Req, <2300

ncp

and with jhegligible portion of the term of inertia gx w?.

k :% cofresponds to a square-law dependency, e.g. of an orifice,.the*flow coefficient of which can be fegarded as

independent of the Reynolds number.

When diensioning a capillary, the portion of the term of.inertia shall be kept low and, if applicable, bg taken into
account.| According to the theory of Schiller[4] the, pressure drop necessary to generate the velocity

4190
anxdgp

w=

at a properly rounded inlet (rounding(off radius > 0,3 x dcp) is Ap,,= 2,16x§x w2

The flow [resistance of the capillaries is then

216 x 2 x w2
. 2

ch_ =
Q Q Qo nxda LIV
Z Z Z P WX g X dep
128 X 17 X1
RepF CZ 2 x (1 + a) where Recp:—Z 4XQpr and
nxdd XTXd X1,
1,08 d 1,08 4 x Q0 x
a=—;xRechﬂ= 29 X z g -
I th I Z7 ’ICp ZCp TE

The portion of the non-linear term « (inertia factor) has the effect that the exponent £ < 1 in the above-mentioned
equation for Q/Z. Exponent k can be calculated by approximation as follows:

__T+a
1+2Xa

Without greater errors it is permitted to take a = 0,1 to 0,2 and to calculate with exponent & = 1. With regard to the

different lubricant flow rates in the particular recesses (£# 0), a Reynolds number of Regy = 1 000 to 1 500 shall not
be exceeded.
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A3.2.3

OQax,i ™

where ¢

K is not con

The volume flow from recess i in the axial direction is

'

92~ ?G
) 3 :
2« | 12h Xzixgxw
X
Vit oG B ax
lc+bG
D

stant due to the shaft pr‘r‘pnfrir‘ity

If, for the in

?2 i

o

’

h
P1,i CF

_ {((,,,2 |

then

OQax,i 7]

A3.2.4
with film thi

tial angle ¢’y ;=¢,,+¢g or for the end angle ¢', ;= ¢, ;—¢g and
92,

-do = J (1+£cos¢7)3 xde
Iz

3

¢)ﬁ)x(1+%xg2j+(sin¢’2 —sin¢ﬁ)x(3€+€3)+%xgz x (sin2¢% —sin2¢ﬁ)—%x(sin3(p’2 -s

C%XD
TH . . Xaixp;
12 % ng *lax

When the volume flow rate in the circumferential direction is calculated, a flow between para
tknesses of /gy ;=h(@’1;) OF hex ;= h (@', +) is assumed as an approximation.

In the circuinferential direction, for the volume flow flowing in:

Oen,i T

and by ana

Oex, i

A.3.2.5

3
Pixhen;
12xng X1 g

Uxhen,i
2

bcx[ J

ogy, the following applies to the volume flow flowing out:

3
Uxheys N Pi*xhex,i
2

12xngle

bcx[ J

According to Figure A.4 the continuity equation for recess i results in Ocp ; = OQax i + Qex,i — ¢

lel plates

en, i

16
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[EIX
- —

i+ 1

aen, i 0'5 aax, i aex, i

Figure A.4 — Volume flows for one recess

If
fen|; =1+ excosg’y . and f, =1+ excosg’, ;
2xU
W=PXTXN=
* | pl
Piq—
pen
NgX®OXEXKX]g
Krol= 5 = speedydependent parameter
PenXW¥W"XD
where
% CRr . .
¥ =——— =relative bearing clearance
R : ;
o= P2 flax X Do - egistance ratio

Rpe  lc X bax

Rp o=

é_

Rp ax _ Rpcxx
2 (1+x) 2 (1+«x)

3
X xC
Rep _ Rep*bax*CR (1+ ) = restrictor ratio

RP,O 6><77B><lax
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then the pressure p; in the recess i results from

N & + Exk
T 2(1 +x) 2(1 +x)

E—PG

B 6 x Kot y
1+x

><(fzn,i'"fe?’x,i) =1 (fex,z‘_fen,z‘)

Thus the relative pressures in the recesses and all further bearing parameters are determined by:

a) restrictor ratio &;

b) bearing geometry:
— number of recesses Z,
— foqm and position of recesses (x, «),
— pogition of journal (¢, p);

c) speed dependent parameter K, ;.

The angle § is determined iteratively in the course of the calculation.

A.3.3 Load F, attitude angle g, stiffness ¢
The radial Ipad effect on recess i in accordance with Figure A.5is'given by

i

7Y

F;=bdx _[ picosdxgxd5=bcxpixstin(%—(pG)
T

_}_¢7G

Figure A.5 — Application of load to one recess
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The direction of F;is given by

— =§‘7en,i + ¢7ex,i

?;

2

The horizontal component is the sum of all horizontal projections of F; is given by

4
Fy, =bg xDxSin(g—(oijZpi xsin(q_)l- +ﬁ)
i-1

Correspd

where

Pi

The total

ndingly for the vertical component

Fy % b xstin(%—qujXZPi xcos(p; + f)

+ﬁ:a+2—Zn><(i—1)

load is F=,/F2 + Fa

Fn

Angle of the resulting force ¢, =arctan—

NOTE
capacity A

\"

In case of vertical load, the attitude angle for each & should be modified in such a way that ¢ = 0. If the
is not applied vertically but at an angle ¢ to,a perpendicular line, then the results for vertical direction o

applied whien mounting the plain bearing at the angle .

The stiffn

Here the

ess ¢ can generally be defined in different ways:
following definition is used:

- F

P SXCR

A.3.4 lLubricant flow rate and pumping power

The tota
Ocp,i

lubricant flow rate can be calculated on the basis of the sum of the flow rates through th

load-carrying
f load can be

b restrictors

ch

zZ
_ZXPpen—2p;
05 0y =Xt E0:
i=1

The lubricant flow rate can also be approximated according to equation (7).

Pumping

power, Pp=0 X pg,

© 1SO 2001 — All rights reserved
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A.3.5 Frictional power

The frictional power is composed of

a) friction in the land area;

b) friction in the recesses due to secondary flow.

The land area is given by

Alan == Tax <D 27 1c (B—2 iax> —2%Z G < Tax
Aranz-&zgx la_XXn + ZXZ—CX 1 — 2Xla_x — be_GXla_X
tXBXD T B D B D B
The shearinjg stress at the shaft surface is in general given by
Jdu 1 op U
T= — =S—X—xh+ —X
T8 ayj _, 2 ox h i
y=h
As an apprpximation, the shearing stress r is calculated as follows without*taking into account the pres
rate.
=Y
e
The result fpr the land friction finally is given by
nx U? dA4
Pf,1an 7 J. txUxd4= X j
’ CR 1+ gxcos ¢
Alan Alan
If it is assumed that the lands are uniformity:distributed over the periphery, it can be simplified as follows
2
XU A
Pt,lan 7 4 x lan
Cr 1- 52
Although the depth of regess /p >> &, according to Shinkle and Hornung [5], the friction due to the secondg

the recesse

recesses anfd small-lands.

s shall betincluded in the calculation for shafts running at high speed. This applies especiall

sure flow

ry flow in
y to wide

When the flpw-in'the recesses is still laminar, i.e.
U X hp X
Rep=——2= < 1000
ur:

then the friction in the recesses is calculated as follows:

Pf,p=4><

20

nxU?
hp

><Ap

© 1SO 2001 — All rights reserved


https://standardsiso.com/api/?name=eea6679f65eca4cadf54c8c883aa2623

where

Ap=TXBXD — Apan
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When Rep > 1 000, then the flow is turbulent and the friction increases correspondingly. In that case, the preceding

equation for zcan no longer be used.

A.3.6 Equations for dimensioning

The following equations can be used to determine the dimensions when stiffness c is given:

F
CR::
EXc
F

2 —

D pen_BXF*
D

pen=F><a)>< 1

18 CR 4x=xF X 7§
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Annex B
(normative)

Example of calculation

B.1 Example 1 — Calculation of a hydrostatic journal bearing

B.1.1 Geperal
A bearing With four recesses with given dimensions and operational data is to be examined. ,The lubricaft oil ISO

VG 46 and the temperature in front of the bearing are also stated. The amount of oil, power, gtiffness, film thickness
etc are to be calculated. The following parameters are given:

B.1.2 Dimensions
— Bearing diameter, D =0,12m
— Bearing width, B =0,12m

— Width ¢f circumferential outlet, 5, =0,108 m

— Axial Ignd length, /7, =0,012m

— Circumferential land length, /; =0,012m

— Width ¢f drainage groove, bg = 0,006 m

— Depth ¢f recess, &, =40Cgrm

— Numbgr of recesses, Z =4

— Diamefter of capillaries, dg, =0,00325m

— Length|of capillaries; lop =1,14 m

— Relative bearing.clearance, =1,5%x 1073

— Radial tledrance, Cp, =y x§=90 x 108 m

B.1.3 Operational data

— Load-carrying capacity (load), F =20000N

— Rotational frequency (speed), N =16,66 51 (0=104,7s1)
— Inlet temperature, T, =45°C
— Feed pressure, pg, =60 bar = 6 x 108 Pa
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B.1.4 Lubricant data

For oil ISO VG 46:

T n

°C Pas
40 0,041 40
50 0,026 58
60 0,018 07

— Volume specific heat, ¢,-p = 1,75 x 108 W/m3-K
— Dengity, p =900 kg/m3

Exponen}, calculated on the basis of the lubricant data, y:%x Inmzix InM =0,044 3

nso 10 0,026 58
These d3ata are used to calculate the parameters listed in B.1.5 to B.1.18:

B.1.5 Temperatures and dynamic viscosities

The frictipnal power is not yet known from the first calculationZlt is therefore approximated as follows|with (£= 1,
P =0).

6
AT} = Pen X( 3 J: 6x10 Gx( 1 j:”K
cpxp \1+&) 175%x10 1+1

6
Arg=_Pen X[ 1 +P*)= 6x10 X(1 +0j=1,7K

cpxp \1+¢& 1,75%10%  (1+1
AT
Tcp:Ten+T°p:45+%=45,85°C
ATg 17

T F Ton + AT op £ == =45+17+—=47,55°C
B en cp 2 2

The dyngmic viscosities are then given by

Nep F a0 % €Xp[-7(T'ep — 40)]=0,0414 x exp[-0,044 3x (45,85 — 40)]=0,0319Pass

Na=140% eXp[~¥(Tg — 40)]=0,0414x exp[-0,044 3x (47,55 — 40)]=0,029 6 Pass

B.1.6 Flow resistances

128 x1¢p x 1 ep

><(‘I+a): 128x0,0319x1,14

+—x(1+0,2) =1594x10""Ns/m®
1% 0,003 25

cp
nxdé"p

NOTE The inertia factor a cannot yet be calculated in this place, as the oil flow rate is not known. Therefore, it should be
started with an estimated value and the exact value of a determined iteratively. Here, the value has been taken from the following
calculation.
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Rp o =

6xng /D D x  6x0,0296x0,1x1x143
3B>< c ><—><1 = 3
CR  be/B B 1+k (90><10_6) «0,9% 2,43

xis calculated in B.1.9.

B.1.7 Restrictor ratio

E=

Rop _1,594x10"°

=1,0006~1

Rp

~10

-1593x10""Ns/m®

o 559310

B.1.8 Pre¢ssure ratio in recesses (¢=0)

Po _

1 1

Pen

= :0,5
+& 1+1

B.1.9 Resistance ratio

lax % 1_lax

2 _dA
Kzﬁx_bcz(ﬁj B B _4, 01xX09 4446
Iokbay \ D n_lo+bg) I 0,635x0,1
Z D B
B.1.10 Relative friction pressure
2 = quwz _ 0,0?9 6><;04,7 . ~0,2296
Hen XW 6x10° x1,5°x10~
B.1.11 Spped-dependent parameter
_L le _ 0,012 _
=§ —-<=1x1,416x0/229 6 x———=0,0325
Krot ,xr(x;rfxD X X X 0.12
According t

is negligiblg (F;ﬁ’ | Fefto= 1) )

B.1.12 Ch

According t

the result is

b Figure 3 of ISO 12167-2.— for £=0,4,x=1,416,9-=

practeristic values of load carrying capacity and film thicknesses

2 + 0,006

o-4.0

p Figure 4 of ISO 12167-2:— the speed-dependent parameter in the case of K, = 0,032 5 an

=0,15

Feff 0=0,357.

It follows from the load-carrying capacity F:

N S 206000 = 0,231and with
PenXBxD  6x10°x0,12
bax:’”;D - Z,G):"Xg’12 ~ 0,018=0,076 25 m and

24

l¢ + bg _0,01
ve,

v e

de=0,4
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